Introduction
Eating breakfast is recommended and is considered to be the most important meal of the day because it is associated with good health behaviours, a reduced risk of chronic diseases, and improved cognitive and school performance (1) . In addition, eating breakfast, especially a breakfast rich in proteins and low in glycaemic index carbohydrates, correlates with a normal body mass index (BMI), whereas skipping breakfast is frequently associated with being overweight and obesity (2, 3) . Defining precisely how much energy breakfast should provide is difficult and national recommendations vary across the world. The US Department of Agriculture established four definitions of breakfast composition (4) . The simplest definition is any food or beverage except water. The three other definitions constitute 'substantial breakfasts' and include foods from at least two of the five major food groups (breads/grains, fruits, vegetables, meat/ meat alternate and milk). They provide, respectively, >10%, 15% and 25% of the Recommended Dietary Allowances for energy and one-fourth of the Recommended Daily Allowance of nutrients based on the latest Dietary Guidelines for Americans (5) . France does not appear to have a specific recommendation on the percentage of energy provided by breakfast, although current recommendations are to eat at least one food containing cereals, one fruit or freshly squeezed juice or juice with no added sugar, and one dairy product (6) . Quantities for each of these components are not provided in the recommendations but can be found in the revised version of the Recommandation Nutrition of the Groupe d' etude des March es de Restauration Collective et Nutrition GEM-RCN (Guide on Nutrition Recommendations for Mass Catering) (7) published by the French Ministry of Economic Affairs and Finance. Rates of breakfast consumption in French children 3-12 years of age were 91% in 2003 and 87% in 2010 (8) Little detailed information is available about breakfast habits, and the most recent nutritional studies are more than a decade old (9, 10) .
In the present study, we analysed breakfast composition in France using data extracted from a recent survey examining breakfast water intake by schoolchildren aged 9-11 years (11) . Our objectives were (i) to assess energy and nutritional quality of breakfast and (ii) to identify the main breakfast patterns (i.e. how foods and drinks were associated in the children's breakfasts). We also evaluated whether the children were meeting French national recommendations.
Materials and methods

Study design and dietary record
The current analysis was based on data collected as part of a prospective, cross-sectional study carried out in Rennes, France between 2010 and 2011 (11) . The protocol for the study was approved by AFSSAPS (French Health Products Safety Agency) and the Ethics Committee of Rennes Ouest V, France, and the study was conducted in accordance with the guidelines laid down in the Declaration of Helsinki. Written informed consent was obtained from both parents and children.
Briefly, in the Rennes study, children aged 9-11 years were recruited on a voluntary basis via 14 primary schools from the city of Rennes and vicinity. This area includes both urban and rural populations from various socio-economic strata. All children were given a study pack to take home. The pack contained a study information document; a parent and child consent form; and a questionnaire covering demographic information, height and weight, and breakfast composition. Breakfast was defined as the first meal of the day consumed in the morning. Breakfast intake data were reported for 1 day. To address any potential difference between weekday and weekend breakfast composition, the clinical investigators' recommendation was to fill the questionnaire on a weekday only. Children were instructed to follow their usual morning routine and, if breakfast was eaten, to record their consumption in a diary, including the time of consumption, product brand name, cooking method and portion size. Children returned study materials, including the urine sample, to the teachers on designated days. Children were included if both parents had signed the informed consent and if they fulfilled the inclusion criteria, which included a usual intake of at least two main meals per day. Children were excluded if they currently or previously had a metabolic or digestive disease (with the exception of appendectomy) or renal disease (renal insufficiency, etc.), if they had fever, or if they were prescribed a local or systemic treatment likely to interfere with evaluation of the study parameters, including hydration state in particular (diuretic treatment or treatment interfering with metabolism and eating behaviour).
Overweight, obesity, and underweight were determined from the body mass index and age according to the 2012 International Obesity Task Force cut-off values (12) .
Energy and nutrient intakes
Dietary intake was determined using information recorded in diaries by children and/or parents. Breakfast skippers included children having no food and no fluid and children who took their first meal at lunch time.
Having only a drink was considered as breakfast. All food and drink consumed at breakfast, or the last meal of the previous day in case of children not consuming breakfast, was recorded, including brand name and portion size (household measures or package weight) (11) . Dietary data were entered in BILNUT, version 7.5 (Nutrisoft, Mesa, AZ, USA), which converts the amount of food eaten into individual energy, macronutrients and micronutrients and then assigns consumed foods to food groups and subgroups. For children consuming several foods, if the nutritional content of one or more foods was missing, no intake was assumed. If all foods were missing, the child's data were considered missing and therefore not included in the calculations. Foods were categorised as described previously (13) and included the food and drink categories: bread, ready-to-eat cereals (RTEC), sweets (biscuits, pastries, bakery goods, chocolate, jam, candy, honey, sugar, and syrup), fat/oil, fruits/vegetables, meat/ fish/egg, dairy, water, milk, juices, flavoured milk, coffee, tea, soda/soft drink/sport drink and miscellaneous. The combination of milk and sweetened cocoa powder was considered as a single food (flavoured milk). For each individual, the total amount of food consumed, total energy intake, energy intake from liquids and energy intake from solid foods were calculated.
Nutritional quality of breakfast Energy intake from breakfast was compared with the daily recommended energy intake derived from the joint FAO/ WHO/UNU Expert Consultation of 2001 (14) . Nutritional quality of breakfasts was estimated using the energy density [MJ 100 g -1 (kcal 100 g -1 )] and the mean adequacy ratio (MAR). Energy density was the ratio between energy intake and amount of foods (g) and was calculated first for total foods and then for solid foods only. The MAR was calculated as the mean percentage of daily recommended intakes for 23 key nutrients (15, 16) in relation to the French recommendations (17) . These 23 nutrients included protein, fibre, retinol, thiamine, riboflavin, niacin, vitamin B 6 , folates, vitamin B 12 , ascorbic acid, vitamin E, vitamin D, calcium, potassium, iron, magnesium, zinc, copper, iodine, docosahexaenoic acid (DHA), linoleic acid, linolenic acid and selenium. The ratio for each nutrient was truncated at 100 so that a high intake of one nutrient could not compensate for the low intake of others.
Dietary patterns
Based on the amounts consumed of the 15 food categories, a principal component analysis including a varimax rotation was used to extract latent variables explaining most variability in individual dietary habits. Only three subjects were considered as outliers and were removed from the PCA to obtain homogeneous and robust dietary patterns. The first four latent variables were retained and used to run a hierarchical ascendant classification based on Ward criteria.
Statistical analysis
Averages of energy intake (total, solid, and liquid) and amount of foods (total, solid, and liquid), energy density (total and solid), MAR and nutrients expressed as a percentage of recommendations were calculated in the whole sample and by sex. Differences by sex were compared using a general linear model. Additional calculations included the percentage of breakfast skippers, the number of consumers and the average amount consumed (g) by food category. The four most frequent breakfast patterns were determined by principal component analysis. P-values were calculated using a general linear model with food group as the dependant variable and the dietary pattern variable as the independent variable. A pairwise statistical t-test was performed to compare the MAR between dietary patterns. The consumption of the different food categories was compared between breakfast patterns using a general linear model with food group as the dependant variable and the dietary pattern variable as the independent variable.
Statistical analysis was performed using SAS, version 9.4 (SAS Institute, Cary, NC, USA). Missing data were not replaced and no imputation was made. P < 0.05 was considered statistically significant.
Results
Subjects
The analysis included 529 children aged 9-11 years. Just over half (n = 269; 50.8%) were boys. Using International Obesity Task Force cut-offs (12) , according to the BMI, 70.1% (n = 371) had a normal weight, 5.9% (n = 31) were overweight, 12.9% (n = 68) were underweight and none were considered obese. BMI could not be calculated for 59 subjects because of missing height and/or weight data. Mean (SD) BMI was 16.7 (1.9) kg m -2 in boys and 16.2 (2.0) kg m -2 in girls. The mean body weight (31.6 kg) was slightly higher than the values previously observed in a French population (18) , although the prevalence of both obesity and excessive weight observed in the present study was lower than that reported in Europe for children of the same age (19, 20) .
Breakfast intake
Overall, 9.8% of the children (n = 52) skipped breakfast. The frequency of breakfast skipping increased with age (8.2% at 9 years of age, 11.4% at 10 years of age and 16.7% at 11 years of age). For breakfast consumers (n = 477), the mean (SD) quantity of food consumed at breakfast was 442 (167) g (Table 1 ) and the mean energy intake was 1.86 (0.66) MJ [445 (159) kcal] ( Table 1) . Apart from the chocolate milk, other drinks consumed in big quantities by the children (mainly water and tea) provided no calorie at all. Thus, the contribution of liquids to the total breakfast quantity was far greater than the contribution of liquids to the breakfast total energy: approximately three-quarters of the total quantity ingested was provided by drinks, whereas breakfast energy was mainly provided by food, reflecting the fact that children consumed drinks that had low calorie contents and that they consumed energy-rich foods. Total energy intake did not significantly differ between girls and boys: Sweets were the most frequently consumed food item, consumed by 67.7% of the subjects, and they accounted for 40.1% (25.3%) of the total energy consumed for those who ate them (Table 2) . Fat (mainly butter) (41.5%) and bread (46.8%) were also frequently consumed. Flavoured milk accounted for the highest number of grammes of food consumed and was consumed by almost half (48.9%) of the children. RTECs, which are not a traditional breakfast food in France, were consumed by 28.1% of children.
Nutrient intake at breakfast
Nutritional quality as assessed by MAR was similar for boys [25.4% (8.9%)] and girls [24.1% (9.9%)] and, overall, the MAR for breakfast was 24.7% (Table 1) . Energy density from solid foods and total energy density was also similar between boys and girls. On average, breakfast provided 22.9% of the daily energy requirement according to international recommendations (14) (see Supporting information, Table S1 ). Breakfast contribution to daily requirements also differed between boys and girls for energy from solids: 14.85% (6.97%) versus 16.28% (8.08%) (P = 0.0374); energy from liquids: 6.89% (3.79%) versus 7.89% (4.93%) (P = 0.0134); fat: 17.48% (9.91%) versus 19.51% (10.63%) (P = 0.0313); The main contributor to total energy at breakfast was flavoured milk, followed by sweets and RTEC, milk and dairy ( Table 2 ). The highest MAR was provided by flavoured milk (15.5%), RTEC (11.3%) and milk (11.2%). Although sweets contributed substantially to energy intake, they contributed less to nutrient intake (MAR = 5.8%). Fruits and vegetables accounted for 8% of recommended values and 18% of total energy. After adjustment for energy, the food categories providing the most nutrients were (in decreasing order) RTEC, milk, flavoured milk and fruits.
Dietary patterns
Four main dietary patterns were identified: 'RTEC + milk breakfast' (18.1%), which included mainly RTEC, milk, and juice; 'Sweets breakfast' (40.0%), which included mainly flavoured (i.e. chocolate) milk and sweets, especially brioche and chocolate spread, plus water or juice; 'Traditional French breakfast' (27.2%), which included mainly flavoured milk, bread, fat (especially butter) and juice; and 'Dairy and juice breakfast' (9.5%), which included mainly dairy (especially whole milk yogurt or yogurt drink), sweets and tea or juice (Table 3) .
On average, energy intake was slightly higher for the 'Traditional French breakfast' [2.08 MJ (496 kcal Table 3) . When adjusted for total energy intake at breakfast, the mean MAR was higher for the 'RTEC + milk breakfast' (30.2%), followed by the 'Sweets breakfast' (24.6%) and the 'Traditional French breakfast' (22.6%) and lower for the 'Dairy and juice breakfast' (18.0%). Nutrient content was significantly different between dietary patterns, except for linoleic acid, poly-insaturated fatty acid, manganese and vitamin E (see Supporting information, Table S2 ). The 'RTEC + milk' breakfast provided more vitamins and minerals and lower MAR, mean adequacy ratio; RTEC, ready-to-eat cereal. The four most frequent breakfast patterns were determined by principal component analysis. Three subjects considered as outliers were removed from the principal component analysis to obtain homogeneous and robust dietary patterns. P-values were calculated using a general linear model with food group as the dependant variable and the dietary pattern variable as the independent variable. NC, P-value could not be calculated.
cholesterol and saturated fatty acid compared to other dietary patterns. However, intakes of essential fatty acids were lower in the 'RTEC + milk' breakfast versus the others. Compared to the 'RTEC + milk' breakfast, the 'Traditional French breakfast' was especially higher in fats, fibres, saturated fatty acids, cholesterol, copper and vitamin A (retinol and b-carotene), and lower in folate, vitamin C and iron. Total energy density was lower for the 'RTEC + milk breakfast' but not significantly different from the 'Dairy and juice breakfast'.
Discussion
The present study provided a snapshot of a single breakfast in over 500 schoolchildren aged 9-11 years in France. Data were collected as part of a previous study examining fluid intake at breakfast (11) . The sample included a similar number of girls and boys, and the majority of children were 9 -10 years of age because they were recruited in primary schools. Only 10% of the children skipped breakfast, which is less than in most developed countries (13, 21, 22) . However, we observed a trend of declining breakfast with age. Skipping breakfast is becoming more and more prevalent in many developed countries, with 10-30% children and adolescents having lunch or even dinner as the first meal of the day (23) . Almost half of the children (48.6%) consumed a breakfast that included cereals, dairy and fruit/fruit juice in accordance with the recommendations of France's Programme National Nutrition Sant e (National Health Nutrition Programme). All children consumed at least one beverage. Most breakfast consumers (83%) consumed milk, flavoured milk, a dairy product or a combination of them. As a beverage, flavoured milk has a lower energy density than solid foods. It contributes to several nutrient recommendations without providing much energy. More than half of breakfast consumers (58%) consumed fruit juice and 11% consumed fruits. Bread was consumed by 47% of breakfast consumers and RTEC by 28%. The amount of RTEC consumed (30.45 g) is very close to the portion recommended (30 g). This rather high percentage is interesting because RTEC are not traditionally consumed in France, and are not, as such, a recommendation of the Programme National Nutrition Sant e.
The present study showed that breakfast provided, on average, 22.9% of the recommended daily energy intake. This is slightly higher than in the Stanislas family study (9) but similar to the 15-25% medium interval observed in France in 1999 (10) . Flavoured milk was the main contributor to energy intake, followed by sweets, RTEC, milk, dairy, bread, fat/oil, fruits/vegetables and juice, which is consistent with them being amongst the most consumed breakfast items in terms of grammes and energy.
The study also showed a MAR of breakfast of 24.7%, indicating that, on average, breakfast provided a substantial amount of the daily recommended intakes for 23 key nutrients. When adjusted for energy, the foods contributing most to total nutrient intake were (in decreasing order) RTEC, milk, flavoured milk and fruits. Average intake of protein, carbohydrates, most minerals (e.g. calcium, magnesium, phosphorus and potassium) and vitamins (e.g. vitamin B 2 and pantothenic acid) were sufficient. Intake was below national recommendations for vitamin E, vitamin B 12 , vitamin D, eicosapentaenoic acid (EPA)/DHA, essential fatty acids, copper, zinc, selenium and fibre, whereas intake of saturated fatty acids was in excess of recommendations. Because other meals may not provide sufficient nutrients to reach adequate intake, substituting foods currently consumed at breakfast with others of nutritional content may be necessary. For example, consuming bakery products or RTEC containing whole grains or whole wheat flour may help to provide adequate fibre.
In terms of total grammes consumed, the largest contributor to breakfast was flavoured milk, which was consumed by just over half (50.5%) of the children. For these children, milk provided 43% of their energy intake. In addition, the highest MAR was provided by flavoured milk (15.5%) and the third highest was from plain milk (11.2%). This agrees with the French Individual National Food Consumption Survey 2 in 2005-2007, which found that, in children, milk is a strong contributor of several nutrients, especially calcium, iodine, phosphorus, potassium, zinc, retinol and vitamins B 2 , B 12 , B 5 and D (24) . We identified two dominant breakfast patterns: the 'Sweets breakfast', eaten by 45% of children and included mainly flavoured (i.e. chocolate) milk, fruit juice and a Danish biscuit or pastry; and the 'Traditional French breakfast', eaten by 27% of children and included bread, butter or margarine, and flavoured milk. The 'RTEC + milk' breakfast pattern, which consisted of RTEC, milk and fruit juice, was the most nutrient-dense but was eaten by only 18% of children. This suggests that, although the traditional French breakfast (bread and butter) is still common, new patterns are emerging, including the consumption of RTEC.
Nutritionally, the 'RTEC + milk' pattern was the most advantageous pattern because it was low in total fat, saturated fatty acids and cholesterol, and was rich in fluids, vitamins B, vitamin C, calcium and iron. The 'Dairy and juice breakfast' did not provide sufficient calcium, protein or water. This may be a result of the fact that, in France, by portion, dairy products have lower contents of these nutrients than milk.
The present study has some limitations: fluid and food intake were estimated from a self-reported questionnaire, which could have led to inaccuracies in portion size, as well as height and weight. Second, the classification we adopted was aimed essentially at defining the various breakfast patterns. To obtain even more information on the nutritional quality of foods eaten at breakfast, a classification with further groups would be useful. For example, the sweets category could be subdivided into pastries (bringing complex and simple carbohydrates, as well as fats), sugar/jam (bringing simple carbohydrates) and chocolate spreads (bringing simple carbohydrates and fats).
The present study is the first report on breakfast composition in French children. Based on a large sample size, it provides insights about the breakfast habits in school children and opens new perspectives in terms of nutritional education and public policies. Based on our results, some recommendations can be made to optimise the breakfast composition and the formula of breakfast food products and drinks. For example, the breakfast composition of French children included all food and drink categories (one portion of cereal, one dairy product and one drink) recommended in the Programme National Nutrition Sant e except the fruit/100% fruit juice category. In all dietary patterns identified in the present study, the consumption of fresh fruit was low. Children preferred fruit juices as observed in the 'RTEC + milk' and 'Dairy and juice' patterns. However, this trend was not observed in all dietary patterns: fruit juice consumption was low in the 'Sweets' and 'Traditional French' patterns. In addition, insufficient intake of some micronutrients including copper, zinc, selenium and vitamin B 12 and vitamin D, as well as EPA/DHA, has been observed. Fortification of food and drink products may provide a solution to compensate for these deficiencies. Fibre intake is also below recommendations. This could be improved by encouraging the consumption of RTEC (with an adequate amount of salt and sugar) or breakfast bakery products containing cereals and/or whole flour. Finally, the consumption of margarine with omega 6/omega 3/vitamin E and partially skimmed milk could be encouraged to reduce the intake of saturated fatty acids.
Conclusions
The present study investigating breakfast consumption by French schoolchildren produced globally encouraging results: only 10% of children skipped breakfast, breakfast composition and energy intake were close to national recommendations, and breakfast provided a substantial amount of the daily recommended intake for 23 key nutrients. To optimise the breakfast composition further for children, an increase in the intake of some micronutrients (copper, zinc, selenium, vitamin B 12 , vitamin D, EPA/DHA) is recommended, possibly via food and drink fortification, as well as an increase in the intake of fibres by encouraging the consumption of fruits and whole grain products.
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